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Structural  investigations  of  elect rode- solution  li 

Dr.  A.  Bowles.  Profaaaor  fl.  fuiwinw  «M  Or.  J 
Chemistry  Department.  University  of  Southampton.  ! 
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Throa  lr  situ  methods  for  tha  determination  of  tho  atrueturo  of  the  intorfaclel  region 
oatwaan  alactrodoa  and  oloctrolyto  solutlono  aro  dltouiMi  Mm*  ipoctra  soapy  and 
modulated  specular  infra  rad  roflactonea  spectroscopy  and  tranaol salon  X-ray  diffrac¬ 
tion.  it  is  shown  that  the  atructura  of  tha  aolwont  ( water}  of  oMMCMad  anions  in 
tha  double  layer  and  of  orfanlc  adsorbatoa  can  Pa  slaultanoously  determined  Py  Maa* 
spactroacopyi  Infra  rod  apoctroacopy  given  datollad  lnfomatlon  on  tha  cluttering  of 
solvent  molecules  and  of  chaadLaorOOd  apocioa.  Mhoroaa  tho  apartroaooplea  give 
Information  on  the  molecular  structure  and  environment  In  situ  X-rey  diffraction 
gives  details  about  longer  range  ordering.  * 


Orel  in  situ  Mothoden  aur  StruKturboetlnnung  Mae  lntarfacialen  Mrttahe  Made* 
Elehtrode  und  ElactrelytlSeung  warden  Makatlerti  Aamap-ipoAtrosfcopla .  nodullarto 
IR-Splegalraf leXtlonsepaStroesopla  und  TTMMbtlealono  WBntgenheugung.  Es  wlrd 
gezelgt.  dot  die  Strut tur  dee  tBeungssdttela.  dor  edeerMprten  Anlonen  in  dor 
Oopoeiachicrt  und  dar  adeerbiertan  ergeniecheh  Staffs  mttela  der  Maman-Spestroefcopie 
bestimmt  warden  henni  die  Ift-Spaktroefcopie  dagogen  glbt  datatllllerte  Infornetlon  MMr 
Zusaomanbe  1  lung  von  Loaungaadttelamloaaion  und  fiber  oftamlserOiarta  Staffs.  Mfeareed 
die  spektroeaaplechen  Mathoden  Informatlaasn  flbor  die  Welehaiatrutlur  und  UebgaCung 
gaben.  arhlit  man  duroh  Ola  in  situ  ABniianssimnna  Oetdlla  Ifcor  die  Cbdamdl  Mar  - 
adsofblerten  Scntehten.  • 


E.  BudevSkl.  H.  Flalsehaann.  C.  Gabrialll  and  N.  Labran 
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It  la  shown  that  in  tha  electrocrystal 1 last Ion  of 
silver  on  parfact  single  crystal  facas  tha  woasnts  of 


tha  translants  alona  due  to  crystal  growth  at  low  over- 

potantlals  (whara  aach  layer  grows  fallowing  tha  fonaatlon 

of  a  silica  nucleus )  can  ha  interpreted  as  being  due  to 

tha  twn-dlaanalonal  growth  of  circular  cantres  with  a 

unifora  probability  of  nuclaetlon  osar  tha  substrata 

aurfaoaj  tha  rata  dots raining  stap  of  crystal  growth  takas 

m 

place  at  tha  edges  of  tha  circular  oantras.  Nuelaation 
a  atatianary  atata  is  adequately  daacribad  as  a  Poisson 
IMHiabS*  tha  nuelaation  rat^»  aay  be  derived  f roa  tha 


af  tha  "Mhita  noise"  at  law 


while  tha 


agMMqf  bt  higher  frequencies  gives  a  saasura 
lift  tiaa  of  each  transient.  Tba  analysis  of 


lb'  tba  initial 


ooapUeetad  than  a  a  lapis 
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The  analysis  of  fluctuations  in  the  rates  of  electro- 

crys 

talllsatlan  of  silver*  Pert  It 

E.  Budevskl,  V.  Bostanov.  n.  Flelechsann.  C.  Gabriel 11 
R.  Ubn«  and  W.  Obrstsnov. 

Oepartnent  of  Chaadstry.  Tha  University.  Souttaptcn  808  SIM 


Abstract 


Exparlaantal  data  ara  presented  for  the  alactro- 
cryatall laatlon  of  allvar  on  porfact  single  crystal  substrates* 
At  low  ovarpotantlals  (whora  aach  layer  grows  following  tba 
fonaatlon  of  a  single  nucleus )  tba  first  four  anaants  of  tba 
transients  alona  era  avaluetsd  (sonants  higher  than  tbs  first 
aoaants  expressed  as  sonants  about  tbs  naanli  the  statistical 
properties  of  anaanbles  of  whole  axpar tnants  are  praaantad  as 
plots  of  standard  deviation  divided  by  tbs  mam  deposition  in 
a  stationary  state  is  characterised  by  the  power  spaetrsi 
density  of  tbs  deposition  process.  Tbs  statistical  properties 
for  deposition  at  higher  ovwpotentlala  (where  aach  layer  grows 
via  tba  fonaatlon  of  4  large  nuaber  of  nuclei  I  is  cbaractariand 
by  plate  of  the  atandard  deviation  against  the  tide  as  well  os 
by  plots  of  tbs  atanderd  daviatian  divided  by  tbs  assn  owrrsnt 
against  tine  and  (tins)'*.  All  thse*  ostbods  of  avalustion 
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Transients  for  tha  slactrocrystalllsatlon  of  sllvar 
on  perfect  single  crystal  faces  are  Interpreted  for  experiments 
at  high  ova rpo tent la Is  (where  each  layer  grows  following  the 
formation  of  a  large  number  of  nuclei).  An  exact  model  Is 
developed  for  the  formation  of  the  first  layer  based  on  the 
growth  of  circular  centres,  growth  being  1  lad  ted  by  overlap i 
tha  slow  stage  of  the  reaction  Is  assumed  to  be  crystal  growth 
at  tha  edges  of  the  circular  centres.  Xt  is  shown  that 
analysis  according  to  this  exact  model  agrees  closely  with  a 
more  approximate  treatment  and  the  latter  treatment  Is  extended 
to  cover  the  formation  of  the  second  and  third  layers. 
Observation  of  maxims  and  minima  in  plots  of  tha  standard 
deviation  divided  by  the  mean  current  against  time  era  shown 
to  be  due  to  tha  retardation  of  nuclaatlon  in  succeeding  layers 
by  tha  growth  of  tha  underlying  deposit.  It  is  shown  that  the 

statistical  analysis  laada  to  tha  dstenslnetlon  of  tha  rata  of 
nualaatlaa  separately  from  the  rata  of  crystal  growth  ea  in  the 
ease  of  deposition  at  low  overpotentiala.  The  data  show  that 
the  rota  of  nuclaatlon  Increases  markedly  at  long  times  although 
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AN  INVESTIGATION  OF  ELECTRODEPOSITION  AND  ELECTROCATALYSIS 
USING  CARBON  FIBRE  MICROELECTRODES 

by  Martin  William  Bayes 


Electrodcposition  and  electrocatalytlc  processes  of  ruthenium  on  carbon  fibre  microe¬ 
lectrodes  (radius  4-x'lO*4  cm,  area  S  x  10'7  cm*2)  have  been  investigated.  The  use  of 
such  small  electrodes  leads  to  increased  variability  in  the  behaviour  of  metal  depos¬ 
ition  transients.  This  variability,  amongst  ensembles  of  transients  obtained  under 

* 

identical  experimental  conditions  can  be  modelled  to  allow  access  to  kinetic  informa¬ 
tion  not  directly  available  from  conventional  treatment  of  data  from  single  transients 
or  averaged  results.  j 

The  majority  of  the  results  reported  are  for  the  deposition  of  ruthenium  from  the 
solution  of  its  trichloride  in  aqueous  hydrochloric  acid,  and  concommitant  hydrogen 
evolution. 

Potentiostatic  growth  transients  for  a  range  of  deposition  potentials  and  metal  too 
concentrations  are  interpreted  in  terms  of  a  model  invoking  Poissonian  behaviour  of 
2-D  and  3-D  nude  stive  processes,  followed  by  deterministic  metal  growth  and 
hydrogen  evolution. 

Brief  examples  of  the  behaviour  of  other  deposition  systems  are  also  reported, 
together  with  the  results  of  an  investigation,  carried  out  in  the  laooratory  of  the 
project's  co  sponsors,  into  the  electrochemistry  of  titanium  in  aqueous,  acidic,  fluoride 
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AM  ELECTROCHEMICAL  AND  RAMAN  SPECTROSCOPIC 
STUDY  OF  SILVER  AND  PALLADIUM  ELECTRODES 

by  Pierre  Robert  Graves 

Simultaneous  surface  Raman  spectroscopy  and  differential 
capacitance  measurements  of  a  roughened  silver  microelectrode 
in  potassium  chloride/pyridine  solution  (0.1M/0.1M)  have  been 
employed  to  study  the  chemical  and  structural  nature  of  the 
electrochemical  double  layer.  It  has  been  shown  that  high 
intensity  laser  excitation  samples  species  normally  present 
on  the  electrode  surface.  When  electrochemical  roughening 
is  performed  in  the  presence  of  low  power  laser  radiation,  a 
Lewis  acid  coordinated  pyridine  species  is  detected  by  both 
techniques.  This  species  is  irreversibly  desorbed  at  -0.2V 
(vs  SCE).  Correlation  of  capacitance  end  spectral  data 
suggests  that  pyridine  reorientates  in  the  double  layer  at 
-0.31V  and  -0.44  (vs  SCE). 

Initial  experiments,  reported  in  this  thesis,  show  that 
surface  enhanced  Raman  scattering  is  observed  from  pyridine, 
coadsorbed  with  carbon  monoxide,  on  a  hydrogen-saturated 
palladium  electrode  in ‘potassium  chloride  solution  (0.1M). 
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X-ray  Diffraction  from  ad  tor-bad  Iodina  on  Graphite 

by 

H.  Flelschmann.  P.J.  Handra  and  J.  Robinson, 

Department  of  C haul a try.  The  University.  Southampton  S09  SHH 
England, 


Our  knowledge  of  surface  structure  at  the  solid/vacuusi 
interface  has  bean  acquired  largely  through  the  application  of 
high  vacuum  analytical  techniques.  Unfortunately  these  my  not 
be  appllad  in  situ  to  solld/llquld  or  solid/high  pressure  gas 
interfaces  which  era  of  greater  practical  importance.  Ex  situ 
Investigations  have  bean  made  but  it  is  probable  that  the 
transfers  involved  result  in  surface  restructuring.  It  is  there¬ 
fore  apparent  that  in  situ  techniques  are  required.  Raman 
spectroscopy1  is  applicable  but  lacks  versatility,  whilst  neutron 
diffraction2  and  SEXAFS3  era  promising  but  depend  upon  a  reactor 
and  synchrotron  respectively,  x-ray  diffraction  on  the  other  hand 
is  routinely  performed  and  the  theory  is  well  developed  though  to 
data  it  has  bean  aasusad  to  be  insenaltlve  to  surfaces.  Ws  report 
hero  the  flret  obaervatlon  of  X-ray  diffraction  from  a  2-0  adsorbate. 
Ij  on  carbon,  through  the  use  of  position  sensitive  detection  to 
onhanoo  aeneltlvity. 
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Abstract 


Measurements  are  reported  of  tha  surface  enhanced  Renan 


spectra  of  taCN  and  **CH  (and  of  lsotopleaUy  labelled  Mixtures) 
adsorbed  at  silver  electrodes.  Tha  spectra  ore  shoiai  to  arise 
fron  s  coop lex  species  whoso  coordination  nuabar  doss  not  change 
with  alactrcds  potential.  This  species  is  probably  a  (AgtCNj)]' 
entity  having  CJv  symmetry!  at  vary  negative  potentials  a 
reduced  form  of  this  complex  [Ag(Ch)2]2"  coexists  with  tha 


formally  Agz  species  at  the  surface.  The  shifts  in  band  position 


are  interpreted  in  teres  of 


in  the  bond  character  of 


CM*  species.  The  spectrum  of  meter 


PI*  is  also  markedly 


CN~  groups. 


on  the 


density  of  the 
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la  alt*  (iMtiMhainlljr  awMUttd  it  i»ctm«>w  la 
mi  to  ldeatlfy  the  rtaortil  iatoiaaltotw  taraal  tetai 
•lectroaorptloo  of  tttaaol  at  a  ft  alwtrto*  la  agoaoaa 
ealpbarlc  acid.  Vlbratloaal  apectra  fna  tw  llffwtot 
(CO)id|  apaelaa  vara  obeerved:  a  atreag  toad  at  akovt 
2070  ca_l  corraopoadlag  to  a  llaaarljr  boadad  00  apaelaa 
aad  a  weaker  bead  at  ahoat  UU  aa*1  eerreapoadlag  to  a 
bridge  hooded  00  apaelaa.  The  poeitloa  of  the  foraar 
bead  la  etroagly  potaatlal  depeadeat,  balag  at  higher 
eaergy  at  aora  poaltlva  valaaa  of  tba  alactrod  potaatlal, 
aad  thae  the  abaarvad  head  baa  a  blpelar  ahape  la  thaaa 
aadulatlaa  aaparlaaata.  Mo  epaetraacople  evldaaee  for 
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